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What The Model 960 Transistor Radio Analyst Will Do 

Some idea of the inherent \er$atilit> of the Model 960 can be gained by an 
examination of its features 

The Modct 960 provides: 

1. A signal generatoi that tunes from 250lcc to 2 2mc in two bands The output 
level from the generator is variable and may be used for Signal Injection or R.F 
& 1 F alignment The generator can be operated with an internal 2kc tone or 
left unmodulated 

2. A 2 000 cycle signal at the front panel for Signal Injection into the Audio 
section of a ladio. The signal level is adjustable by a front panel control 

A 2 000 cycle low impedance signal fc>r Signal Injection directly into the voice 
coil of the radio receiver 

3. A built in "In Circuit’ transistoi tester for m circuit testing of the tran- 
s i slots, 'lhis section also may be used as a DC Signal Tracer for raptfllv localizing 
a dead stage. The test is made using the Dyna Trace which is a single piobc 

4 A metered power supply for powering the radio undei test. The cui rent 
ranges are 0-l5ma and 0-lfiOma. Roth are protected against metei damage in the 
event of a short circuit This unique power supply provides any voltage fioni zero 
to 12 volts m Wz volt steps Even ladios employing tapped power supplies mav be 
f«1U operated fiom this built in source 

5 A two tango DC vacuum tube voltmeter. The voltage ranges aie 0-1 5 and 
0-15 volts. The meter is fully protected against accidental overloading Being a 
VTVM the internal impedance is high and therefore does not circuit load or 
cause erroneous leadings 

6 An ohm mete i in the Vl’VM section Tls resistance range is such that it has 
a IK ohm center scale and a 1 megohm full scale reading The voltage across the 
ohmmeter leads is 1.5 volts thus poimitting the safe testing of low voltage 
electrolytic* 

7 An accurate "out of circuit” test tor transistors Leakage and Beta are 
individually tested Leakage is lead directly on a GOOD-BAD scale The Bela 
is read directly on a 0-150 BETA scale or on a GOOD-BAD scale. A socket and 
clip leads are on the tiont pane] foi transistor testing There is also a PNP-NPN 
switch for transistor polarity 
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CONTROLS AND JACKS 



\\ hut They Do and How They Work ^ 

Tin. Model tJfiO Tiansifctor Kadio Analyst 1 * a complete instrument fur use in 
the servicing of transistor radios. When using this new instrument for the first 
time the best wav to become familiar with the controls and signals- is to make a 
“Dry iun’* on a known good radio. Carefully observe the effects of the controls and 
signals. Tt is the purpose of this section to familiarize the technician wilh all of 
the operating con hols of the Analyst. 

SELECTOR SWITCH . . The main SELECTOR switch, located just to the 
light- of the meter enables the technician to select the desired function of the 
Analyst 

The first position is OFF and disconnects the AC line power input to the 
instrument When the SELECTOR switch is in any other position, the instrument 
is in operation 

The next two positions aie the 150 ma and 15 ma current ranges. In these 
positions the meter is connected m series with (he built in power supply and 
meters the current drawn by the load. The powei supply for operating transistor 
radios is m operation in all positions except OHMS. TRANSISTOR OUT CKT 
and OFF This internal power supply must: be used when perfoiming the ‘in 
circuit’ tests with the DYNA TRACE and when metering the current m (he 150 
ma and 15 ma positions of the selector switch 

POWER SUPPLY JACKS . To conned a ladio to the power supply insert 
a red test lead into the POWER SUPPLY jack marked '‘O 7 ’ This is the plus 
teiminal of I he power supply and connects to the terminal of the radio that would 
Connect to the plus terminal of the hatter y Insert the black test lead into the 




Fig. T— 9V Power Supply Connections. 



voltage jack corresponding to the battery voltage of the radio. If the radio uses a 9 
volt battery the black lead would plug into the 9 volt jack. The \oltages at each 
jack are marked on the panel directly above the jack. 

In Fig. 1 the test leads are diown connected for 9 volt operation. If the radio 
under test used a 6 volt battery the black test lead would plug into the 6 volt 
jack. Sec Fig. 2. Whenever using the Analyst powei supply I he battery in the 
iadio must be removed 

In all cases the rod test lead connects to the positive teiminal of the radio and 
the black test lead connects to the negative terminal of the radio. With the radio 
connected and operating, the current drawn by the radio will he indicated on the 
meter when the selector switch is in the 150 ma or 15 ma positions. 



* The cm rent drain of the radio is a \ ery important reading to make and will 
often indicate the defect in the radio. Normal currents drawn by the radio will 
vary from set to set. but the manufacturers’ service data will usually supply this 
information. 

A 9 volt radio for example will chaw about 4 or 5 ma at minimum volume 
and 8 or 9 ma at normal volume. Currents much in excess of this would indicate 
internal defects and would ceitainly result in reduced battery life. 
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Fig. 2— 6V Power Supply Connections 



If the radio to be serviced employs a tap (such as will be found in iadios operat- 
ing from 3 and 4 5 \olt .supplies) a third connection must be made (o the power 
supply Fig 8 shows the connection to a radio using <1 tapped battery voltage 
in this circuit the common or ground is the positive end of the battery and the 
most negative is 6 0 volts Notice that there is a tap at 3.0 volts below the 6 0 
volt point To connect such a radio to the Analyst power supplv proceed as 




0 1.5 3 4.5 6 7,5 9 10,5 12 




Fig. 3— 6V Tapped Power Supply Connexions 



follows: Irrsoit a red test lead into the jack marked “0*\ This connects to the 
positive terminal of the radio which is the point where the plus terminal of the 
batt-eiv would connect. Insert a black test lead into the jack corresponding to 
the battery voltage which, in the case of Fig. 3. is G.O volU. Since schematically 
the tap is .shown as two cells less than G volts, it is at 3 volts. Insert a third 
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test lead into the Analvst jack that is marked 3 volts on the power supplv of the 
Analyst Notice that under each voltage jack there i» drawn the symbol lor a 
battery The 3 volt point is two cells loss Ilian the lull batteiy voltage The 
panel is marked in this manner to correspond with the way in which batteries aie 
drawn on schematic diagrams. * 

Note: The Model 960 develops its voltages from the AC power line. If 

umr line voltage is higher or lower than the nominal i ending of 117V, the DC 
output voltage on the Model 900 will vaiy b v the wme percentage. Obviously 
I he current drawn by the transistor radio will likewise increase or decrease by 
a similar percentage A slightly higheL oi lower radio Cui rent can he attributable, 
therefore, to this lino \ oltage increase ol decrease. This should be kept in mind 
when measuring the total lhcUo current. 



IN CKT — DYNA TRACK 

The next position of the SELECTOR switch is the test marked “IN CKT”. 
This is perhaps the most useful test employed in the Analyst Since only a 
single probe is needed when this test is used for signal tracing or, in ciiouit 
testing of transistors, it is a \ory rapid method of locating a defective stage or 
transistor To use this test the ladio must ho connected to the Analyst power 
supply and not to an external hatteiy 

Turn the SELECTOR switch fo the TN CKT test position and connect the 
radio to the power supply When switching from the 150 ma, thru the 15 ma, to 
the IN CKT test position yon may go beyond full scale on the 15 ma position 
This should be of no concern since the meter is fully protected against overload 
Insert the Dyna Trace into the IN CIRCUIT TEST signal jade This jack is 




Fjg. 4— Anienna Disabling by Shorted Tur”. 

located just below and to the right of the meter. Whenevei using the Dyna Trace 
test turn the volume control on the radio to minimum. Take a piece of bare copper 
wire and wrap it around the loopstiok of the radio and shoit the ends together 
Tins is shown in Fig. 4 

The pui pose of tins shortod turn is to load the antenna circuit thereby keeping 
the radio from picking up a broadcast station and disturbing the test In the 
case of a dead radio this would not be necessary The control marked IN CIRCUIT 



METER SET. located just to the right of (he IN CIRCUIT TEST signal jack is 
adjusted until the pointer on the meter rests inside the green area of the meter 
scale marked IN CKT SET. See Fig. 5 

Rotate t he PNF NPN switch to the proper position for the transistor being 
tested Take the DYNA TRACE and touch it to the base of the output transistor. 
The pointer on the meter will now swing out of the GREEN area and read up 
the scale This indicates that the transistor is working and can amplify a signal 
Tt further indicates that the DC eircuitrv of the stage is working properly Repeat 
this tost on the remaining transistors m the radio Each time the DYNA TRACE 



POINTER RESTING 
IN GREEN "IN CKT 
SET" AREA. 



Fig. 5 — In Ckt 5et. 




is touched to the base of a hansistor the pointer will swing up scale and out of 
the GREEN Area Some stages will cause the pointer to go oil scale while others 
may just barolj move the pointer out of the GREEN aiea. As long as the pointei 
moves up scale tins indicates that the stage is operating and that the DC circuitry 
is O.K When a stage is reached that does not make the pointer read up the 
motoi scale, a defective stage or transistor has been located A few' simple voltage 
readings will quickl> isolate the defect to the component or to the transistor 
itself This will be explained more completely under the section entitled 
TROUBLE SHOOTING 



OCT CKT TEST — TRANSISTOR TESTING 



Following the TN CKT position of tlio SELECTOR switch is the OUT CKT 
(out of circuit) test lor tiansistors. T his test should be used to confirm whether 
or not a transistor is defective The test should bo made with the transistor out 
of I he circuit A test lor both Leakage and Beta (n 1!: ) is made and both test 0 
can be read on a GOOD-BAD scale. In addition the true value of Beta can be 
read on the 0-150 scale The Leakage lest is the Ieoo test which i* the leakage 
between collector and emitter High leakage between base and eo! lento l will show 
up on the Beta lest as a high Bela reading and will probably read in the bad area 
ol (he meter scale 

The Beta test is n DO test whom a fixed amount ot current is applied to the 
base of the transistor and the resultant colicetoi current i ear! on the meter The 
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meter scale is calibrated directly on the 0 150 range in Bela. Tlic GOOD-BAD 
scale for Beta is based on certain assumptions concerning transistors found in 
portable radios. 

A transistor whose Beta is less than 20 is generality not considered useful 
m a radio. Between 20 and 30 is considered questionable. From 30 to 110 is the 
area into which most transistors will fall and this is considered a good transistor. 
The area above 1J0 is marked questionable (?) and then BAD. Transistois that 
fall into this region will usually have high base to collector leakage and are not 
considered useful. Since the actual Beta of transistors found in portable radios 
is rarely known, this GOOD-BAD scale will be extremely helpful in determining 
the quality of a transistor As a general rule defective radio transistors usually 
have high leakage, shorted or open junctions. Low Beta units will not normally 
result m a dead radio, but might result in low gain Tn high Rela transistors it 
is possible that the reading may go off or to full scale and the leakage not be 
excessive. In that case check the manufacturers specifications Tf leakage is 
again checked after the Beta test allow the leakage reading to go clown as the 
transistor cools. 

To perform Uie out of circuit test, connect the transistor to the dip leads 
marked E (emitter), B (base) and C (collector). If the transistor is a tetrode 
connect B2 to Base =2. otherwise leave the B2 clip disconnected If the transistor 
has stiff wire (cads simply plug the tiansislor into the socket As an aid in 
identifying the emitter base and collector leads, the more common bakings for 
transistors is shown in l’ig 6A The location of the E, B & C of the test socket 
of the Analyst is shown in Fig 0B 
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Fig 6B— Transistor Socket 



Connections. 

If Ihe transistor is known to he a PNP or an NPN set the switch located under 
the meter to the proper position With the test switch (under the meter) in the 
LEAKAGE position, the leakage can be read directly on the GOOD-BAD scale 
(LEAK) Tf the leakage is within tolerance (GOOD Region) switch to the BETA 
position Read the numerical value of Beta directly on the 0-150 scale. Or on the 
GOOD-BAD scale. It is not absolutely necessary that it be known whether the 
transistor is NPN or PNP By a process of elimination the transistor can be 
tested without this information. 

Let us test an unknown transistor, 'l'est the transistor with the PNP-NPN 
switch in the PNP position. If the trausistoi shows low leakage and reads on the 
Beta scale the transistor is good and is now known to be a PNP Tf the transistor 
shows no leakage and no Beta, switch to the NPN position. If the transistor tests 
good in this position, the transistor is now known to be good and of the NPN 
variety. If the trausistoi tests BAD in both positions of the PNP-NPN switch 
the (ransistoi is defective and must ho replaced with the same or equivalent type 
Certain transistors, those usually found in high frequency circuits of FM sets, etc., 
may have very high Betas. If you note a high Beta reading check the manufac- 
turers specification. 

As an aid in the replacement of tiansistors a cross reference in the rear of 
this manual shows American replacements for Fomgn types 



VTVM 

The next iwo positions of the Selector switch activate the VTVM. The 0-15 and 
0 1.3 volt ranges are read on the 0-15 scale of the meter 

To use the VTVM «et the Selector switch to (he In or I 3 volt positions Power 
is still being supplied to the radio under test from the built in power supply. 
Insert a rod and a black test lead into the iod and black jacks respectively marked 
VTVM Short the test leads together and adjust the VTVM zero control foi 
zero reading on the left side of the meter. These jacks aie located just to the right 
of the power supply strip. \ou are now readv to make voltage readings. When 
connecting ihe test leads into the cncuit be sure to observe proper polarity Tf 
the motor reads negatively simply reverse the test leads. 

Unlike vacuum tube Circuits, where negative is usually ground and positive 
goes to the- plates of the tubes, transistors can operate either with tho positive 
or negative at ground Tt, ts sometimes convenient to remember that the middle 
letter of PNP or NPN stands (oi the potential of the collector A PNP transistor 
would have a negative collector potential with respect to emitter while tho base 
would be biased to the same negative direction as the collector Just the opposite 
would he Lue of an NPN type of transistor. 

The lowest range of the VTVM is 1.5 volts full scale and each scale division 
corresponds lo .05 volts. It is therefore possible to road small voltages to as low 
as .025 volts. This feature is extremely useful in measuring base to emittei bias 
which is usually in (he lange of 0.1 to 0 3 volts. The meter is protected against 
damage due to accidental overload. The high input impedance of the VTVM 
pj events circuit loading which could cause reading errors or a change of opei ating 
conditions which might cause damage to a transistor or circuit component Do 
nol leave VTVM leads connected to the circuit in any other position of the 
SELECTOR switch 



OHMMETER 

The Ohmmeter is connected in the Iasi position of the SELECTOR switch 
(OHMS). In the OHMS position powei to the radio under test is automatically 



POINTER RESTING AT 
"'NFlNiTY" ON OHMS 
SCALE. 



Fig. 7 — Ohmmeter Set at Infinity. 

disconnected. To operate the Ohmmeter insert two test leads into the icd and 
black jacks marked VTVM Short the ends of the two test leads together and 
adjust the front panel conti oi marked VTVM ZERO until the pointer on the 
meter reads on the left side of the meter scale 

With the test leads open adjust the front panel control maikcd VTVM OHMS 
until Ihe pointer comes to rest at the infinity point ( cc ) at the right hand edge of 
the meter scale. See Fig 7 You can now read the value of resistance by con- 
necting the test leads acioss the part to be measured. 
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Capacitors can also be tested for leakage or shorts by connecting the test 
leads across the suspected capacitor. Since the voltage at the terminals of the 
leads is no more than L5 volts you can test all capacitors found in transistor radios 
withouL danger of damaging them. When testing electrolytics ho sure to observe 
polarity. Reverse polarity across an electrolytic can destroy the capacitor The 
red jack on the panel is positive with respect to the bln Hr jack 

The front to back ratio of diodes can also be me asm eel on the Ohmmoter. The 
resistance in the forward direction should be quite low while in the reverse direc- 
tion the resistance should be quite high. A front to back ratio of about 100 to 1 
is common for a good diode If the resistance of the diode in both direction^, is 
equal, that is very high or veiy low, then the diode is defective and should be 
replaced. 

AUDIO SIGNAL INJECTION 

The next function of the Analyst to be covered is the Audio Signal Injection 
section. The audio injection circuits of the Analyst are in operation in all posi- 
tions of Ihe Selector switch except OFF. Two outputs arc provided - One (marked 




VOICE COIL) is for low impedance circuits such as loudspeaker voice coils 
Fig 8 shows test leads connected for VOICE COIL SIC NAT. INJECTION The 
( — ) infnito lead from VTVM jack is neoessaiv onlv ioi Voice Coil Signal Injection 

The second ( marker! AUDTO OUTPUT) is used for all other Audio Signal In- 
jection functions. See Fig. 9. The ground return for Audio Output Signal Injection 
is provided for through the Analyst powoi supply and Hie negative lead from 
VTVM unis f r iot be used 



I’he output level at the AUDIO OUTPUT j'ack is adjustable by means of the 
control marked AUDIO R.J:. LEVEL. When this control is turned futly clock- 
wise lo the MOD OFF position, the audio signal is turned off. Since the same 
audio signal that is used for audio injection is also used for Modulation of the 
R F -T F , this is a moans of turning the Modulation off. 




In order to become familiar with audio signal injection we will piagtieo signal 
injection on a known good radio and observe tlie effect of this signal Signal 
Injection in transistor devices is similar to that used in vacuum tube circuits. 
The signal in vacuum lube stages ig normally fed into the grid In transistors it 
is genoifillv fed into Ihe base In the vacuum tube circuit the output is usually 
from the plate In transistors it js usually from the collector The main difference, 
of course, is that the vacuum tube is a voltage amplifying device while Ihe iiansistoi 
is a current amplifying device Fig 10* is a schematic of a typical six transistor 
radio. Constant reference will be made throughout this ms t motion hook to Fig 10. 
Foi ilns reason it is a large pull out page printed at the rear of the book This will 
enable the reader lo refer to it easily regardless of what page in the instruction 
book von ate reading. 

Tn circle i to use the Signal Injection of the Analyst only one test lead must 
he used, except in the case ot Voice (’oil injection. For Voice ('oil injection the 
common or ground lead is connected to the — (minus) jack of the VTVM The 
lead with the Red test prod is inserted into the jack marked VOICE 007 L. See 
Fig 8 The tost lead plugged into the Analyst as shown in Fig 8 must now be 
connected to the radio The ground or common lead is connected to the ground 
point of the radio 7n the schematic of Fig. 10 this point could be the positive 
feiminal of the batteiy or the -I- of the Analvst power supply 

With the common lead connected (o the radio. Touch the test prod to the hot 
side of the loudspeaker voice coil This is point 34 on the schematic of Fig 10 

♦Courtesy ot Howto <1 W buro s Sr (’miip*i)\ 
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The AUDIO R F LEVEL oontiol should ho in am posit ion other than MOD OFF 
You should now hear the 2000 cycle audio lone in the loudspeaker. This would 
indicate that not only is tli<? loudspeaker operating properly, but so are the contacts 
of the earphone plug 1 his inr id entail v is a common source of tioublc 1 in transistor 
portables. Tf these contacts do not make properly tlie lead lo the loudspeaker 
voice coil will he open And a dead radio will result. Now connect the l he lest, prod 
into the jack marked AUDIO OUTPUT See Fig. 9 No isolation capacitor js 
needed once it is within the Analyst. This is the signal source used for all other 
audio signal injection Hie ground load coming from the (•■ -) minus VTVM jack 
is no longer needed and should bo disconnected 

Tlie next stage to be tested by signal injection will he the push-pull output 
stage Touch t he test plod to the primai > of the push pull driver () ansfoimer. 
This is point 26 m the schematic ol Fig 10 Adjust the level control for an audible 
signal in the loudspeaker. Present© oi a signal indicates that the output stage is 
capable of passing an audio signal and would not be the source of trouble if the le- 
coivei were dead. Other troubles may however occm in the output stage Disloi 
tion js one such trouble. Techniques foi locating those other troubles will be 
explained in following sections of this instiuction hook 

Now .Juft the test piod to point 24 which is the base of the audio dn\oi 
tiansistor The level of tlie signal heard in the loudspeaker will increase sub- 
stantially due to the added gain provided bv the duvoi stage. The signal mav be 
restored to <t lower level by reducing the level control of tlie Analyst: Foi this 

and subsequent tests bo sure the iadio volume control is at maximum gain. Anv 
trouble that might be present in the audio section of the receiver can easily be 
isolated to (hr specific stage bv means of this signal injection method 

Action of Kir volume control tan be observed hv injecting a signal at point 
22. Adjustment of the volume control should cause the volume of the signal to 
change at the loudspeaker 

Another use tor signal injection would lie io < lieck the «■ (Teclivenes* of the 
emitter bypass condenser. Inject signal, at point 2 , r > Tf the bypass capacitor C- 7 
i-v operating pioperly, very little signal will be heard m the loudspeaker If C-7 
is open the signal heard in the loudspeakei will be quite loud, as loud as the 
signal would be when the probe is brought to tlie base of the same transistor 
Tvpical troubles and the test procedures to be followed will be explained in detail 
in other section* of this manual 

RF-TF SIGNAL INJECTION 

HI' IF Signal Injection is accomplished using the eahbiatod signal generator. 
The tuning .range of I he generator is from 250 ltc to 2.2 me Two ranges are em- 
ployed namely Bands A and 13 Band A tunes from 250 kc to 850 k<\ This is the 
upper scale on the panel See Tig. 1J. 

Since Band A < overs flic TF ficqueney range th rt two most common IF ire* 
quo no ies aie marked on the dial These points are 2G2 k< and -1 55 ke. Band 13 tunes 
fi (.mi 800 ke to 2200 kc. or 2 2 me This xange would b< used most commonly foL 
signal injection into III' stages. The RF-IF signal generator ran he turned OFT. oi 
BAND A or BAND 13 can be .selected by means of the Band Selector switch This 
switch is located just above the RF output jack and is shown in Fig 12 

fho upp< r position of the switch is OJ* F Jn this position the signal generate i is 
tut nc (I OFF The middle position is BAND A and the lower position is BAND B 

r l he outpitl f i pm Ihis signal generator k taken fiorn the KF output jack. 
See Fig. 12 No ground connection to the ( — ) minus VTVM jack is necessary 
and should not- lie used The level control for the signal generator is located above 
the output jacks This is the same control that is used to adjust (he Audio level 

i2 



The RF-IF oscilUloi is AM modulated with a 2000 evde audio tone To turn 
the modulation OFF, rotate the AUDTO-RF level control fully clockwise until tlie 
switch clicks at the MOD OFF position For normal RF and IF signal injection 
the modulation would be loft on. In the event that the local oscillator ol the re- 
ceive! is Ui he replaced with the signal from the Analyst, the modulation would 




BAND B BAND A 

Fiq 11— RF-IF Tuning Dial. 




Fig. 12— Signal Generating Section 
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We are now ready lo practice signal injection on a known good iadio to become 
famdiai with this technique Fig 12 shows (lie test lead connected for signal 
injection. The Band selectoi switch is *hown .set to Band A. The pointer on the 
tuning dial is sel so lhal Hie hairline on the plastic pointer is on 45o kc since 
this is the IF frequency of the radio we are testing The test lead with (lie test 
prod on one end is < ounce ted to the R F output ot the Analyst. 

Before Mgnnl injection the radio most bo disabled by wiappmg a single short yd 
turn of wire around the loopstick antenna. This will prevent (he iadio from 
picking up any broadcast station® that would produce faulty indications In 
noimal use this would not be necessary since the iadio is defective and will not 
normally pick up a station 

We are now nad\ to begin Signal injection. The HAND switch should be m 
the BAND A position and the RF -1 F TUNING set to 455 on the A dial. 
Touch the test plod to point 19 of Fig. 10 This rs the input lo Hie diode detector. 
Foi injection at this {joint tin- level control would normally be set to maximum. 
Re sure ihe switch does not click since this will turn the modulation Off. The 
2000 cycle test tone will now be heard in the loudspeaker. Tf the sound fails to 
appear in the loudspeaker be sure to advance the volume contiol until the sound 
is heard. By switching the Range .Switch to the 15 ma position yon may watch 
the supply current increas* as iho signal i® injected and become-, shonger This 
same feature can be used as a luning mdicatoi m alignment 

Since the \olurne control appear® between the source of signal and the loud- 
speaker, it will control the amount of sound hoard in the loudspeaker. We would 
not normally expect the intensity of the test tone in the loudspeaker lo be very 
loud since there is little amplification being provided tor the signal 

Move the test prod from point 19 and touch tt to point 16. If the signal is 
again heard in the loudspeaker we have proved that transformer L-5 is operating 
Tf the Signal Generator frequency is changed the signal will get weaker as it fs 
detuned away from the proper I F frequency 

Reset, the generator back to 455 kc Shift the test prod horn point 16 to {joint 
lo. Wo are now feeding the signal into the base of the 2nd l.F. amplifier Since 
the signal is now being amplified bv the 2nd I F. amplifier, (lie level of the signal 
heard in the loudspeaker will increase substantially Reduce the level control on 
the Analyst to compensate for Ibis increase in gain Always work with the mini- 
mum amount of signal in order lo pi event overload of the amplffiei stages m 
the receiver. 

We have now demonstrated that from the Base of Hie 2.rjcl l.F amplifier to 
the loudspeaker (he radio is opeiatmg properly. Shift (he test prod (o point 10 of 
l'ig 10 This is (he Base of the 1st IF. amplifier With anothei stage oi gain 
present the signal should again increase in level at the loudspeaker Again reduce 
the level control of Hie Analyst |i> compensate for this increase in gain Since the 
signal can be hoard when injected into the base of the 1st I V amplifier transistor, 
we have demonstrated that the I F svstem and audio system are operating 
normalK . 

The next point that we will inject signal into is point 2 This is the base of 
the comer ter Iransistoi Although some I F. signal will gel through, the signal 
at this {joint is m (he R.l iange and (be Signal General oi must be retuned to 
an R F frequency T.et us use 1 0 me For this frequency the Rand selectoi switch 
must be set to Band B and Hie R F -I F TUNING dial set fo I 0 mo (1000 kc). 
This is illustrated in Fig. 13. 

The iadio must also be tuned lo 1. me. Touch the test prod to point 2 '1 he 
signal should now be hojid in (he loudspeaker at full volume since all of the gain 
of tile radio is now in use 
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The oscillator section may be tested for oscillation by measuring the base to 
emitter voltage. This voltage should change slightly as the variable tuning capacitor 
is rotated through its range 
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Fig. !3— Setting for 1 me Operation 



IF ALIGNMENT 

TF Alignment normally consists of peaking each of the IF transformers for 
maximum output 

If all the stages are operating properly, connect the lead from the RF jack 
to the base of the converter. (Point 2 of Fig 10 1 Set the R F -I i TUNING dial 
for 455 ke (or whatever frequency the rnamifactuier suggests;. The RF Rand 
switch to BAND A The modulation on — set Ihe tuning dial on the radio 
(o 1600 K C. 

The VTVM should be set to the LoV range Connect the negative lead of the 
VTVM to the output of the diode detector — point 20 on Fig 10. To this case the 
lead will be placed at ground Use as low a signal level as possible Adjust each 
TF transformer for a maximum reading on the VTVM 

b RF ALIGNMENT 

Remove the slioited turn across the antenna if one 'va & used dming the IF 
alignment The KF section of the receiver may be aligned by feeding the RF 
signal thru C 8 jnto the antenna or loosely coupling to (be loopstick To loosely 
couple lay the RF lead close to the loopstick. but do not electrical! v connect 
to Us wires 

Set the genera to i to BAND B (T500 kc) Rotate the tuning conlrol of the radio 
until a maximum is seen on the mctei close lo (lie same frequency as the generator 
Tin; signal .should be hoard thru (be loudspeaker, tf the maximum i* noted at a 
slightly’ higher frequency sotting on the radio dial move the radio dial to 1500 Lt 
and unscrew the trimmei A4 until n maximum is again seen The trimmei should 
he adjusted in the opposite direction if the radio had originally (uned lo a lowei 
frequency. While at the same frequency adjust the trimmer A5 across (he RF 
part of I he variable condenser, for a maximum 

Tf fbe RF and oscillator coils had slugs in them foi low frequency .adjustment 
the procedure would be the same except that Ihe slugs would be adjusted at 600 kc 
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rather than the trimmers. Then to the 1500 kc adjustment described above and 
adjust the trimmer. Repeat the tow and high methods above until no further ad- 
justment is necessary . 

Instead of connecting to the diode output, when making adjustments for maxi- 
mum, you may switch the SELECTOR switch to one of .the current ranges The 
meter reading will go up as the circuits are tuned 1’his is primarily true of radios 
with a push-pull output stage The volume control should of course he turned up 
to a comfortable level. 

Mote If the i aches own batteries are used and the analyst powoi aupplv is not 
used, the negative lead of the VTVNf must be connected to the radio giound dining 
signal injection or alignment. 

This completes the explanation of the vanous controls and signals that are 
incorporated in the Model c )b0 Transistor Radio Analyst. It would be worth 
while for the technician to repeat this portion of the Instruction Manual to gam 
the greatest possible degree of familiarity with the instrument 

\ OUTAGE READINGS AND THEIR SIGNIFICANCE IN 
TROUBLE SHOOTING TRANSISTOR RADIOS 

The logical sequence of operation is to isolate Rouble to a particulai stage or 
section of the radio and then within that stage or section detcimine (he specific 
fault The isolation of a trouble to a particular stage is tioimallv accomplished by 
moan » of Signal Injection 

Signal injection begins at the loudspeakei end of the radio and then tlie signal 
is injected stage by stage until the point is reached where no signal is passed The 
defective stage has thus been located Tt is the technique of determining the 
trouble in a specific stage that will he explained in this section 




The voltage chock method of determining the proper operating condition of 
a tiansistor circuit is very easily accomplished One of the requirements of voltage 
readings is that the measuring instrument present a very high imped ante to the 
circuit This is necessary to prevent the meter resistance from upsetting the 
operating condition? of the transistor stage l'or example Fig I -l shows the 
schematic diagram of a simple audio amplifier employing a l’NP transistor 



ff a 1,000 ohm per volt meiei on a 15 \c»|L range woie 
1.0K resistoi (R-2J used to bias the base of this transisloi 
happen. Since the meter is 1,000 ohms per volt and the hi 
volts, the meter resistance is 15 000 ohms li 15 000 ohms wf 
allot with a 10 000 ohm resistor the net resistance would be 
going l.o greatly decrease the bias to the base of the l.ransislo 
change its operating conditions. It u foi this leastni that the 
in the Analyst is <i VTVM with a high input impedance 
circumstances will the test, meter load the circuit and upset 
lions of the transistor 



..onnected across the 
observe what- would 
U scale reading is 15 
ue connected in par 

0 000 ohms. This is 
and will completely 

volt mete i employed 

1 he re fore, under no 
the opt rating conch - 



Most transistor circuits that «ue used m portable t actios operate, msolai as D.C 
i? t once mod, in an almost identical manner. Examination of these circuits will 
s bo\v that they have the same basic parts as the simple schematic shows m Fig. 11. 
For example, in Fig H the lesistoi lv-3 located in the emitter circuit will be found 
in practically all stages of the transistor latlio. The resisloi 11-2 connected from 
base to ground jn Fig 14 is 10K and is part of the bias stabilizing circuit The 
J00K resistor li t in fhe base circuit which connects to l hi negative minimal of 
I lie battery is employed to bias the transisloi to the proper operating conditions. 



Note Since I ho noimal Base Current is very small it? D C voltage comes 
primarily fiom the voltage divider network. This i* the junction of the J00K and 
10K resistors 



For this loason an mconeci base voltage reading is usu.it ly atti lbutable to 
some component in the base circuit rather than frr>m the components in the emitter 
or collector circuits 
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We will now compare the simple audio amplifiei in Fig 14 to a typical 1 F. 
amplifier Notice that from a DC standpoint resistor R2 of Fig. 1.5 goes to 





ground from the ba^e of the transistor just as R 2 does in Fig 14 Also notice that 
resistor R-l effectively connects from the base haelt to battery minus Just as R-l 
does in Fig. !4 The outstanding difference is that there i$ a transformer winding m 
series between the bias network and the base. This is the means whereby the A.C 
signal, which is to be amplified, is fed to the base of the transistor. Capacitor C-l in 
Fig 1 5 is pieaent to decouple and {date at signal ground potential the bottom end 
of the transformer Winding Notice that R-3 and C-2 aie present in the emitter 
circuit to ground in both Fig 14 and !r>. and that in botli circuits R3 is b\ -passed 
with capacitor C-2 to pi event AC. signal degeneration. The load impedance for the 
I F. amplifier m Fig 15 is the primary of transfonnei T 2 whereas in Fig 14 the 
load impedance is R 4, a I 000 ohm resistor. This, of course. is necessary since 
the operating frequency of the circuit in Fig. J5 is approximately 455 ke and uses 
a transformei for inter si age coupling 

'I'lns comparison between a simple AF amphfiei and a simple I F. amplifier 
shows that from a D C point of view these stages are similar in configuration, ,1 

except that the absolute value of the circuit components are selected to satisfy J 

the requirements of the different transistors. j 

A SIMPLE METHOD OF MEASURING 
TRANSISTOR OPERATING VOLTAGES 

This method does not require the technician to know whether the transistor is 
PNP or KPN. and fuither this method does not require any arithmetic to deter- 
mine the operating bias of the transistor stage 

Connect one le»t prod of the VTVM to the emitter lead of a transistor m an 
opciating radio Touch the other lead to the collector If the meter reacU nega 
tively, reverse the lest prods so that the meter reads up scale The voltage that 
is read in this manner should be slightK less than the battery voltage The actual 
value of this voltage will be determined by the size of the emitter resistor and 
how much icsistance is present in the coiled or circuit Lift the' test prod from 
file collector lead and shift it fo I he base lead The meter must read up scale agam 
and the magnitude of the voltage should bo 0 [ fo 0 i \olts This is the range of 
emitter base bias that will he found on most ti ansi s tors in pen tabic radios Note: 

A voltage of opposite po lari tv mav be present on operating oscillator stages 

Let irs see the advantage of this method of measui mg voltage m a transistor 
circuit where the collector is opciated at gioimd potential. This is shown m Fig 16. 

The collector load in Ibis case is a coil of 4 ohms resistance. The emitter resistance 
is 100 ohms, and f he problem is to determine the operating bias between base and 
emitiei in this transi.stoi . Connect the positive lead of f be VTVM to ground, touch 
the negative lead of the VTVM to the emittei we now road — 6 4 volts. Now shift 
the minus test prod to the base of fhe transistor m Fig 16 and record the voltage 
'Fins voltage is — 8.2 volts By subtraction we see that the base emitter bias is 0 2 
volts and that the base is positive with respect Jo the emitter which is the proper 
polarity for an NPN transistor. Now let us measure the operating voltage with the 
method just outlined above. Notice that this will be performed without knowing 
what polarities arc involved. 

Touch one ot the tost prods to the emitter lead and the other test; prod to the 
collector lead. The voltmeter should now read up scale. If it doe?, not. reverse the I 

test prods so that the meter does read up scale The motor should now read if 

approximately 84 volts. The difference between 81 volts and the batterv voltage )i 

which is 9 represents the v'oltage drop acioss the emitter lesislor Since the resist- j 

once in the collector circuit is extremely low, there is practically no D.C. \oltage 
drop Nov. shift the lest prod from the collector lead to I be base lead and the 
meter will again icad up scale and the voltmeter should road 0 2 volts. The abso- 
lute value of Ihe voltage is correct, and since the base is biased iri the same diret 
tion as (be c oil eetoi this stage has the propei operating potentials and polarities. 



This technique will be very useful m the trouble shooting of transistor radios 
and will be used extensively to determine whether a transistor stage has the proper 
operating conditions 
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Voltage readings tan supply much mfoimation about a transistor stage. We 
wall examine therefoie, a few different circuits that have abnoimul voltage readings 
and see what defects in Ihe circuit con Id cause these readings to occur. Let us 
assume the circuit and voltages of Fig. 15 represents the normal condition. Fig 17 
shows the »amp cue nit as Fig 1 5 except that the voltage readings are in ermi. 

Measurement shows that, the bast' to emitter bias is zeio and that the collected 
voltage js at full battery potential Observation of the base circuit shows that the 
bias foi this stage is obtained by means of a voltage divider R-l and R-2 connected 
from the battery (<> ground With the base arid the emitler at fhe same potential 
there is no forwaui bias cm the transistor and little or no collector eunent flows. 
This can be seen ftorn the fact that the collector voltage' is the full 9 volts of the 
battery, i e. no di op across R-4 Since we note also that there 1 Is no voltage drop 
across R-3 we may salcly assume no cui rent is flowing m the collector and emitter 
circuits. A voltage check is now called for at the junction of R-2 and R-[ If there 
were voltage present at this point, then transformer T-l would be suspected of being 
open Since no voltage is piesent. at the junction of R-l and R-2 then capacitor 
C-l might be shorted or K I might he open. R-2 of com so could be shorted but 
this is unlike! v Wo can conclude that since the base voltage is obtained from a 
voltage divider directly from (he batterv lb a I abnormal voltages at the base of the 
transistor arc usually duo to h defect in the base circuit of fbe transistor stage m 
question. In the above case no emitter eunent flowed because there was o<> for- 
ward bias between emitter and base With no emittei current there would bo no 
collector eunent. The Iransisltu is piaofiealk speaking cut off 
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the ease just discussed, the emitter voltage differed from its normal value by 0 2 
volts and the collector voltage varied fiom its normal value by about 0 3 volts. It 
is these small changes m voltage that supply the clue to determine the defect in 
a tiansistoi circuit 
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Ftg. 18— Defective iF Amplifier (No Forwcrd Bios}. 



The third class of trouble that can quickly be determined bv means of voltage 
readings at the transistor is the case where the collector potential is far from 
normal This is shown in Fig. 19. The potential from collector to emitter is .sero 
or very near ?ero Voltage does exist between base and emitter although they may 
not be normal. This trouble must be due to an open circuit or a short circuit to 
ground in the collector This could be an open T-2 or Td-4 or a shorted C-4. If 
C-4 were shorled this would also show up as abnormally high current drawn from 
the battery. 

The methods just outlined show the symptoms (ha l mav occur m a transistor 
circuit and the wav in which the \ollages will react. There is the case however 
where the transistor itself is at fault We will now look info some of the ways in 
which a transistor may hecome defective and I he effect that these defects have on 
the circuit voltages. 

If any element in a transistor should become open circuited tins will result in 
loss of collector tunent The voltage in the collector circuit will rise to the full 



20 



21 



batteiy voltage. Th|» is due to the fact that since no collector current flows there 
can be no voltage drop across the collector load impedance T-2 or across R-4 in 
Fig 19 




If the base ot the Iransistoi weie to open there would be no forward bias on 
the transistor and the collector cui rent would cease to flow, if the emitter were to 
open the collectoi current would again cease to flow since the collector current 
must flow through the emittci circuit. It also follows that if the collectoi circuit 
were to open no collectoi current would flow and the emitter voltage would assume 
the same potential as the base Since the base voltage is obtained from u voltage 
divider, the base potential will be normal or even higher since the base voltage 
divider is not loaded bv the transistor when the collector is open 

Perhaps a mote common dcfecl that will occur in low power transistors found 
ill portable radios is their tendency to develop high internal leakage When this 
occurs it is usually accompanied by an increase in collectoi current The base 
voltage will usually remain at its noimal value, but due lo (he increase m colled or 
current (which also flows through the emitter resistance) I he emitter voltage will 
increase. If the leakage of the transistor is great enough the emitter voltage can 
increase enough to reverse the bias on (he tramistoi. With le'erse bias \ou would 
expect the hansistor to be cut off and have no collector current, hut because of the 
internal transistoi leakage the collector current actually increases The voltage 
distribution for (his leakage condition is show'll in Fig. 20 

Examination of Fig 20 shows that the collector voltage has chopped consul* 
eiably from its normal voltage. The emitter voltage has risen to 3 volts from its 
normal On volts and the base voltage is appioximatelv at its correct value This 



represents a transistor with very high leakage and tl is possible that it this condition 
were allowed to continue the transistor would destroy itself due to oxecessive col- 
lector dissipation This would then lesull in an open or shorted transistor. 
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A.G.O OPERATION & TESTING 

The purpose of the A G C ( Automatic Gain f’ontiol) is to maintain the output 
volume of the receiver at an canal level even though (he signal levels received from 
each station are different. 

II should be lomembt'iod that a forward Bias is needed between Base and 
Emitter in order for conduction and transistor action to take place If this Bias 
is lowered the gam of the .stage will gradually decrease The aforementioned is, 
of tourse, taken within the noiirial operating limits of the transistoi. 

A G.C simply decreases the bias (less gain) for stiong stations. Tho stronger 
the station the less bias and the less gain Weak stations will therefore be operating 
with the liansi&tors in their maximum gain position This will tend to make all 
stations have about the «ame level of output 

When an I.T signal is terl through tians former T.-a to the |NG0 diode a pul- 
sating DO. current will flow, Using the conventional flow of current (-|- lo ) 

the diode will conduct as follows: 

(a) Thru the secondary of L-5 down and thru resistor R-G to ground Since the 
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first side of a resistor that the plus hits (in conventional flow) is positive, it will 
make the top of resistor R G “more positive’ than it was before 

(b) From ground it will go Up through resistor R 7 and thru R-10 and R 9 
back to the anode of the diode 

This is the DC path of the diode Tf a measurement were taken it would be 
noted I hat the top of resistor R 6 is negative The negative voltage is caused by 
the battery supply. The reason, m (a) above, (he expression “more positive* was 
used, was to indicate that the voltage went more positive than it was previously. If 
it was normally — 7V and it went to — 6V, it would have gone 1 volts more positive 

The base of X2 is diiven more positive than it was and the bias is therefoi e 
decreased lowering the gain of the stage The stronger the I.F. signal, the more 
the bias will decrease We I here fore have AC1 C action on the 1st T F amplifier 

Following the A G C. circuit how do we get A.G.C. action on the 2nd I.F ? As 
the Base of the 1 st l.F. decreased its forward Bias, this; doci eased the emitter 
current The voltage drop across R-7 Iherefore decrease-, Since the normal vol- 
tage at the top of R t is negative, and >( decreases, it therefoio went more positive 
Noting that the Base of the 2nd I V is connected thru the secondary of L-4 to the 
emitter of X2 and I ha I the emittei voltage wenl less negative (moie positive) we 
see that (he forward Bias of X3 was likewise decreased The gain Iherefoie was 
dec i eased depending on the strength of the input signal 

To measure these voltages connect the negative lead of the VTVM to the A G (J 
line point. 1 1 of Fig |0 The positive lead would then go to the emittei of X2 
(point H) Feed an Kl' signal from the Analyst into the antenna thru C-8 As 
the ladio is tuned thin the hequenev of the K.F signal the A.GC voltage will 
be seen to docicasc when the signal generator is tuned in A similar reading mav 
be taken foi the 2nd I.F bv connecting (he negative lead of the VTVM to point 
13 and the positive lead lo point 17 The forward bias will again deciease as the 
Signal Generator frequency is tuned in 



GENERAL TROUBLE SHOOTING PROCEDURE 

Trouble shooting with the Model 960 Analyst i- a logical and simple series of 
stops Following this procedure should quickly isolate the defeel Once I he stage 
is isolated, proceed to Step 7 without pei forming the intermediate steps 

I TEST THE RADIO POWER SUPPLY. This is automatically accomplished 
hy using the internal power supply of the Analyst. Once connected the total radio 
current is measured bv switching to the 1 50 ma or 16 rna positions of the SELEC 
TOR switch. If the current is as expected, proceed to the next step. If it is not, 
then trouble shoot the power supply section of the radio. 

Connections to the Analyst power supply aie fully described in the section 
entitled POWER SUPPLY JACKS Typical power supply difficulties aie listed 
m section entitled POWER SUPPLY TROUBLES 

2. DYNA TRACE the entire radio for a transistor defect or a transistor circuit 
trouble This should isolate most troubles 

The use of the Dyna Trace is explained in the section entitled IN CKT DYNA 
TRACE Troubles found with the Dvna Trace are in each section of the trouble 
shooting examples. 

3. ALDIO SKAAL INJECT into tilt' loudspcakei and then into the AF sec- 
tions AF Signal injection is explained in the section entitled AUDTO SIGNAL 
INJECTION Typical AF troubles are ?n section entitled ALDIO TROUBLES 



Note. The etiiiie AF section may he checked out to see if it is functioning by 
Signal Injection into the Ba.se of the 1st AF stage (usually the top of the volume 
control with the control at maximum) If the AF operates proceed to the next 
step. If not. stait at the loudspeaker and woik stage bv stage toward the detector 

4. JLE. SIGNAL INJECT into each .-tage of the TF •section IF Signal injection 
is explained m the section entitled RF-TF SION AT. INJECTION Typical IF 
troubles m section entitled IF TROUBLES 

a R.K. SIGNAL INJECT into the mixer stage. Tf the stage operates piocced 
to the RF section If not, check to see it the oscillator is operating 

Mixer and RT Signal In lection is explained m section entitled RF-TF SIGNAL 
INJECTION. Tvpical RF and Oscillator troubles in the section entitled RF 
MIXER OSCILLATOR TROUBLES. 

6 I> El’Ii, Cl OK A.G.t. I ES I mav be made bv feeding a signal into the antenna 
and measuring the voltage developed acio.ss the A G.C. line. The VTVM should 
be used foi these measuremenK 

A moie complete explanation oi AGO. voltage measurements is found in the 
section entitled A G.C OPERATION & TESTING. TVpical tioubles in the sec- 
tion entitled A G C TROUBLES. 

7 DC YOLJ AGES A. RESISTANCES. If the trouble encountered wa* not picked 
up in Steps 1 & 2 of the above, the DC circuits and transistors are piobably operat- 
ing coirectly. The Signal Injection method therefore will normal I v isolate the 
defective stage- 

Once the stage i- isolated, check the voltages mound the trumustot Then 
pioeoed to lake Ohmmeler checks. Remember to test the electrolytic^ with (he 
Ohmmeter (Use pioper polarity.) 

Voltmeter and Ohmmeter operation i» explained more fully in the section en- 
titled VTVM and OHMMETER respectively 

S INTERMITTENTS aie tested as above with emphasis placed on stage isola- 
tion. Typical intermittents are shown in the section entitled TROUBLE SHOOT- 
ING INTERMITTENT 1 , S 



P(»\ER SUPPLY 'HUMBLES 

EXAWI.E ISO, Is 

The first trouble, is a radio hi ought into the shop as dead T’he fust step m all 
cases is Jo connect the radio to the power supply of the Analyst. (Step l of ihe 
General Trouble Shooting Procedine.) The radio shown in the schematic of Fig 10 
will be used for the tiouble shooting Since (his radio requires (5 volts foi operation 
we connect the powei supp’y test lead- ,nio the jacks marked 0” and “(>*' The 
schema tic* shows that positive is ground and wo connect the positive lead from the 
powei supply to I be positive I erminal of the battery holder and the negative lead 
of the powei supply (o the negative end of he Iwitlerv holdet This is shown in 
F,g. 2f 

Turn the selector switch lo I ho 150 ma position and turn the ladio on. The 
Analyst, is now «appl\ing power to the ladio and the amounl of current that- is 
being drawn is shown on the meter The schematic shows that the normal current 
ib 4 ma Tf the f. in rein. is greatly in excess of this value, turn nit the Analyst and 
check the power supply connection- to make Mire that the proper polarity has boon 
observed Improper polarity will put reverse udtage on the elect roly lies and cause 
excessive current Thh could damage the electro! vlics. This value of 1 ma i-> the 
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\T DIO TROUBLES 



current drawn by the iadiO with the volume turned to minimum or the radio 
tuned off -station. 

The radio that wc are sen icing shows a power supply current of about 60 ma 
This would indicate a short circuit m the power lead feeding B to the ladio 01 an 
improperly biased transistor that was drawing excessive current 




F[g 21— Analyst Connected to Radio. 

If a vacuum tube voltmetoi reading at point 28 ot 1" tg. 10, shows a reading of 
about. 6 volts, this would he correct However, at the other side of R ]3 (a de- 
coupling resistor) the \oltagc i* zero This indicates that the de-coup led 13 - supplv 
is shorted The trouble is probablv a short in capacitor 0-2 This type of trouble 
wheio the large electrolytic capacitor on Ihe R line shorts out is \er\ common 
in tiansistor radio portables. It will in all cases show up a- an abnormal lv high 
powc'i suppU Current 

I, \ AMP hr NO. 2 : 

Another typical trouble that might be encountered is a cnstoiru t complaint 
ot motorboat ing 

When the iadiO is operated on the customeib batter\ the set motorboats, but 
when the radio is connected to the Analyst power supply (Step 1 of General 
Trouble Shooting Procedure) the molorboaling stops Tins can be due to a 
defective battery which has high internal resistance or jl can be due to an open 
electrolytic in the radio This electrolytic is usually connected across the battery 
(see C ] in Fig 10) The reason the set stopped motorboating is because the 
Analyst has a large capacitor in its output circuit and took the place of the 
defective part C-l 

The first trouble shooting step is to replace tlie batter\ If the motorboat mg 
persists jump another capacitor of equal value across C-l. With the additional 
capacitor across C-3 the mol or boating slop* This shows l hut C 1 is open and 
should he replaced 



EXAMPLE NO 1 

Tlie complaint in this rase is a dead sot Step l of the General Tiouble Shoot- 
ing Procedure show's a slightly lower than normal battery cm rent. Step 2 shows 
that I he Audio Diiver stage X4 is inoperative. Proceeding to Step 7 shows that 
the Rase \oltage is correct. The emitter voltage is slightly lower than noimal 
Tlie Collector vollage. howevci, is 0. 

1 here me two normal possibilities that would i educe the collector voltage to 
0 The first would be a short in the collector circuit to ground The other would 
be an open in the DC. supply to the collector A ?hort in the collector circuit 
would have i K nitted in high balterv current so we may therefore eliminate this 
as a possibility An open in I he D.O supply to the collector satisfies the 0 voltage 
] at the collector and also accounts for the lower than normal battery current 

Measurements \vilh the Ohmmetcr show that the pnmary of 1-1 is defective. 

EXAMPLE NO. 2; 

The symptom is a dead set. Step 1 shows normal rurient from the supply. 
Step 2 also responds rorrertlv. 

In Stop 3 the signal is heard properly through point 24 on Fig. 10 At point 
22. however, no signal is hoard First, we would make certain that the volume 
control i» at maximum since this could cause the same effect. Since each stage 
is in operation as shown by the Dyna-Trace tests, the problem is probably in the 
signal circuit This would make us suspect capacitor C-6 An ohm meter check 
shows it to be open. 

EXAMPLE NO. 3; 

The next problem is one of excessive distortion Step I indicates higher 
than noimal battery current Tn Step 3 the signal becomes distoitcd when moved 
from point 29 to point 24 It was clear on point 29, but distorted on 24. 

Going lo Step 7, the emitter voltage of X-2 is excessively high 'lhis coupled 
with the higher than normal current of Step 1 would cause the transistor to be 
suspected of leakage An OUT CKT test of the transistor confirms our suspicion. 



IF TROUBLES 

example NO. Ii 

The trouble in this example ts a dead set Step 1 ot the General Trouble 
Shooting Froeedme show's up a slightly less than normal battel y current 

Tn Step 2 I he T)> na-TraCe show* X2 to be inoperative hccausc the meter did 
not go above the green portion of the scale 

Skipping to Step 7 indicates no collet toi voltage (point 12) Measuring point 
G wc find about — 5 1 volts the R — to Li An Ohminctcr check shows that the 
copper toil going to the collector Lorn the primmy of L 4 is open .Soldering tlie 
break repairs the trouble 

Another detect, that, could cau.se Ibis same set of condition* would be L 4 
internally open The Oiunmetor would also show this up 

EXAMPLE NO. 2: 

1 he Trouble m this rxnniph U Hurt the set “quraU, when n station t' tuned m. 
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Steps 1, 2 & 3 indicate proper Operation Step 4 produces the squeal when a 
455 kc signal is injected at the Ba^e of X2 (point 10), but not at the Base of X3 
(point 15) 

Signal Injecting at the ColleUoi of X2 (point 12) also produces the squeal 
The trouble is lie tween the Collector of X2 and the Base of X3 

Since the stage is piobablv oscillating \V 0 would replace C-l3 (the neutrab/a- 
tion capacitoi) which would eliminate the trouble. 

A fine point here — the reason we did boat with the oscillation when we con- 
nected to point 15 is because our signal lead loaded the Base of X3 to the point 
where it would not oscillate. By going to the other side of the transformei the 
loading was leducccl and the stage oscillated with oui injected signal 

[i.XAmPIE NO. 3: 

In. the next case the problem is verv low outpul. Steps J 2 & 3 inchoate proper 
operation Signal injecting at point U5 we find ample Output Going to point 15 
the gain does not increase particularly. The signal injected at point 17 has as 
much gain as al 15 This immediately points to C-14 as being open. Replacement 
eliminates the trouhic 

We would not lioimally have Signal Tnjcetcd into the emitter circuit, buf 
this was called tor since we did not have gain in the stage We know (bat 3rr 
open hvpass in this emitter would cause de-generation. 

R.F. MIXER — OSCILLATOR TROUBLES 

EXAMPLE NO. 1: 

Step 1 ia OK. Step 2 indicates that Xl is not operating. Step 7 shows all 
voltages about normal except the emitter i?> 0V with l aspect to ground 

An ohnameter test shows the 1 500 ohm rosistoi is correct. The XI transistor 
is suspected. Remove the transistor and make the OUT CKT test to confirm that 
the transistoi is defective Replacement will correct the trouble. 

EXAM PI l>, NO. 2 ! 

Tii the next case the sot is dead Steps 1 thiu 1 are OK The T F signal can 
he inserted up thru point 9 R F, however, does not come thrii on point 2 
Note: When testing the R.F or oscillator do not use a shorted turn aiound the 
antenna coil. When the R F -T F. TUNING of the Analyst dial is rotated to a point 
455 kc above the frequency to which the radio i? tuned, a station is heard. But so is 
a loud 2000 cycle signal Rotating to the MOD OFF position of the AUDIO KF 
LEVEL switch eliminates the 2000 Cvde note. 

Obviously' the Analyst is taking the place of the radio local oscillator Stop 7 
indicates an open oscillator coil Replacing of said coil makes the set operative. 
Other causes of this could be, open C-9, or a shorted tuning capacitor in the 
oscillator section 

A. G. C. TROUBLES 

h X VMPI ,K NO. 1: 

The symptom in this example is that the bet is dead. Step 1 of the General 
Trouble Shooting Procedure shows an approximately normal, current. The Dyna- 
Trace shows that the 1 st I F amplifier is inoperative Going directly to Step 7 
voltage tests show zero bias, (between Base & Emitter) and ?cro volts to ground 



on both the Base & E untie i of X2 An ohm meter test to ground shows a short fiom 
point .1) to ground The electrolyte C-,i is shotted (No forward Bias on X2 
therefore no gain anil lower batteiy imrcnt) 

EXAMPLE NO. 2 s 

The next leCener cariies the complaint that the set is dead Step I of the 
trouble shooting procedure indicates high battery current Step 2 shows that X2 
and X3 aie inoperative Going directly to Step 7 shows a much largei than noiniul 
negative voltage on the bases ()f X2 and X3 An ohmmeter test shows that K6 
is open; probablv an open in the eoppei foil The base voltage on X2 went up 
r l'Kerefore the emitter voltage on X2 went up clue to inci cased collector curient 
The base ot X3 connects D O wise to the emittei of X2 Therct'oie this base voltage 
increased. Thi» caused the met case in batteiy current 



TROUBLE SHOOTING IMERMITTENTS 

The Transistor Radio Analyst makes* it possible foi service technicians to 
easily and eonveiiienlly trouble shoot intermit tents in transistor portable radios. 
A brief understanding of the natuie of intermittent that ran occur in a portable 
radio will make it that much easier to find these 1 roubles 

Most ot the intermit tents that will he found will be due to mechanical prob- 
lems Small cracks in <i printed circuit board, rosin solder connections of com- 
ponents to the printed circuit boaid are frequently encountered. Erratic operation 
of the radio under conditions of high temperature such as might be found in 
direct sun light or in the trunk of an automobile is another cause which usually 
can be traced to a defective transistor that has higher than normal leakage This 
leakage is increased undei conditions of high temperature 

The principle of trouble shooting inUmmittcnts with the signal injection toch 
lique can he extremely effective if proper! v applied. Where an intermittent 
docs occur in the iadio and the technician has no knowledge of cither the section 
or stage that is causing this tiouhle, the particula i section or stage can be isolated. 
This is accomplished by injecting a signal into the receiver, starting at the loud- 
speaker and working forward toward (he antenna. As a signal is injected into 
each stage or section, the technician examines solder connections in that: stage for 
rosin or open connections on the printed circuit board. He will then flex the board 
slightlv to see if any cracks in the hoard could cause this difficulty 

The temperature of the tiansistoi may be elevated by bunging a small soldering 
iron close to the transistor Note: Do not overly heat the transistor since this 
could cause a peimanent breakdown When the defective stage is finally reached, 
careful investigation of each of the above items in the stage will locate the de- 
fective component 

We will now trouble shoot some typical intei mil lent troubles I hat might 
occur in a tiansistor radio 

EXAMPLE NO. 1: 

A iadio comes m for service whose schematic is shown in Fig. 10. Step 1 of our 
General Trouble Shooting Piocedure indicates that (he radio draws t.25 ma of 
current, and the schematic shows that 4 ma is the approximate load foi this radio 
Therefore, no abnormal current is being drawn bv the radio. The customer com- 
plaint is that the radio will stop playing and will begin playing again all bv itself 

Wo will attempt to isolate this defect one section at a time First the complete 
audio system, then the I F ’s and then the converter circuit. Connect the test leads 
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inlo I ho Analyst- for audio signal injection. Touch the audio lead to the base 
of the audio drive tiansistor, point 24 on the schematic in Pig |0. If the audio 
system is operating properly, the audio tone will be heard in the loudspeaker of 
the indio We now flex the board to see if there are anv small cracks which cause 
(he audio tone to be interrupted A tool »uch c is a soldering aid, mav be used to 
pick on fhe solder connections associated with the AF circuit If the audio eon- 
tin, ues to play un-interruptedly, wo ma\ be reasonably sme that there are no 
mechanical defects in I ho audio system Whenever injecting audio into the driver 
transistor, the receiver volume control must never be set at minimum since this 
will ground out fhe injected audio signal. Capacitor C-6 m Fig. 10 would he con- 
nected to (pound and act as a short circuit for the* injected signal 

We will now inject a signal into the I T amplifier system by shifting our signal 
injection probe to the RF output jack ot the Analyst Time the generatoi lo 455 
kc Touch the test prod to the base of the 1st I F amplifier (point 10). Tf I be tone 
appears in the loudspeaker \*e then proceed with the flexing and examination of 
the hoaid observing if there is anv mechanical damage, loose components, etc 
At this point we find that when we flex the board the test tone in the loudspeaker 
becomes interrupted Apparently our source of intermittent trouble is somewhere 
in the IF amplifier Wo must now determine whether it is m the* 1 st or 2nd IF 
amplifier stage 

We now shift our signal injection probe to point 15 which is the ha.se of the 
2nd T F amplifier. Tlexing of the board again causes the tone to be interrupted 
Tberefoje. our trouble must lie between the base of the 2nd JF amplifier arid 
the detector. Careful examination of the printed circuit hoard shows up a crack 
in the copper toil leading to the center tap of transformer T-5 This is the eol lector 
load of the 2nd T.F amplifier This could have been caused by the radio being 
jarred or dropped The I rouble can be eorrected by carefully eleanmg the copper 
foil and flowing solder across the above joint, or bv soldering a short piece of hair 
wire across the coppei foil A small soldering iron should he used to avoid ovei 
heating the copper which could cause the foil to peel 

By logically following a pattern ot stage b\ stage signal injection, I he trouble 
can be isolated to one particulai stage Since the total number of components 
involved in anv one stage is rather ->mall. (his nariows down the possible com- 
ponents that could be pi educing the tiouhlc 

EXAMPLE NO. 2: 

Here an example of an intermittent defect and the method of Rouble shoot- 
ing Again the customers complaint is that the radio will cut out all bv itself and 
I hen seemingly correct itself and begin playing again 

Stop I is lo connect the radio to the power supply of the Analyst and meter 
I he cuiienf being drawn bv the radio The current is approximately 4 mp which 
agrees wilh the value ns shown on the schematic in Fig 10 

We liovv begin oui signal injection at the base of the audio duver transistor 
which is i joint 24 on the schematic. In this way wo will either eliminate, or pm 
point the trouble to the audio system With the injection at I he base of the audio 
driver the test tone should be clearly heard in the loudspeaker The volume control 
of l lie receiver inusl bt advanced above minimum to pi event shorlirjg out I he 
injected signal Now flex the pi inter! uicuit boaifl and examine (be cornporie-rils in 
the audio system foi breakage or pool soldei connections while listening foi an 
intermittent We find that by tapping the radio the audio in the loudspeaker goes 
on and off The indication is that the trouble is somewhere in the audio system 
Pioeooding on a step by step basis we may now localize the trouble. Connect the 
signal injection test prod inlo the VOICE OOTT. output jack and touch this prod 
to the voice coil of the loudspeaker. Tap the radio genii v to see if the intermittent 
occurs No in I erm it tent is noticed at tins point Realizing I ha! a common source 



of trouble in transistoi ladios is a pooi contact on the earphone jack, w'e check 
the jack cai e fully . Examination ot the earphone jack shows that it is working 
properly and is not the cause of (he intermittent 

We now advance our test piod to the base of one ot the audio output transistoi s 
(point 29 or 32 on I he -schematic) The source ot signal from the Analyst is now 
the AUDIO OUTPUT rather than t be VOICE COIL jack The tost tone should 
lx* clear] v heard in the loudspcakoi and if tapping the radio does not introduce 
an intermittent the trouble does not he m the audio output stage. We know from 
the first, test that the trouble occurred when a signal was injected into the base 
of the audio driver transistoi. We will now connect our test prod to the collector of 
the audio driver transistor which is point 26 tn the schematic. Tapping the indio 
again inlioduces the intermittent m) the trouble inusl lie in the collector circuit 
of the audio timer transistoi Examination of I he parts associated with lhi» circuit 
show no sign of physical damage and all solder joints appear solid and making 
good contact 

We must now lesort to voltage readings lo determine the detect. With our 
VTVM we now measuie the collector potential of the audio driver transistor X4. 
The voltage at this point correctly reads f> volts However, when the radio is 
jarred or tapped the voltage falls to zero indicating some soit of inteimillently 
open circuit clement in the collector of I be tiansistor Shifting our test prod to 
the bottom, or + side of transformer T-l. piotluces a voltage of better (ban 5 \<>Hs 
It does not appear enatic oi inteimitleni when I be radio is jarred Tt would now 
seem (bat the tiansformer pnmaiy must bo intermittent This would cause both 
loss of audio signal dud the intermittent collector voltage at the driver transistor 
Removal of fhe transformer from the circuit or an ohmmoter chock across tho 
primary shows that it lias an inteimitleni connection within the transformer. 
Replacement of the transformer would cure this trouble 

FM ALIGNMENT & TROUBLE SHOOTING 

FM alignment consists ot peaking the IF stages and then aligning the dis- 
criminate! for a ‘0’ reading between a maximum and a maximum ™. 

Tn all cases consult the manufacturers specifications before aligning The 
manufacturer will explain which point should be used for peaking and which 
for discriminator alignment. 

Set the RF-TF Tuning Dial to 2.14 me. "The oth harmonic of 2 14 me is 10.7 me 
10.7 me is the most often used FM-IF frequency. Use the MOD. OFF position 
Connect the RF load to the input of the conveitcr Connect your VTVM between 
ground and the take off peaking point recommended by the manufacturer. Align 
each TF foi maximum. 

Switch the VTVM lead to the output of the discriminator Align (he dis- 
criminator for a 0 leading between a maximum — and excursion 

Tho RF stages can be aligned in the same manner by using actual FM stations 
and tuning for a maximum at the take olT peaking point 

FM SIGNAL TRACING 

Use tho General Trouble Shoo ling Procedme Steps 1 thru 4 In Step 4 connect 
the VTVM to the peaking point and leave the MOD ON. Must 1*’M sets will 
pass some AM Signal inject stage by stage as described m Step 4. The signal 
when injected may be heard in the loudspeaker or observed as a voltage on the 
VTVM at the peaking point. Once the trouble has been located go directly (o 
Step 7 

If the Rouble does not show up m tho previous step, then go to Step 7 for the 
RF and Oscillator sections of the FM receiver This follows since we have already 
tested all the sections except the RF & Mixer stages 
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POWER TRANSISTORS 

The Analyst may be user! to qualitatively test power transistois Power tran- 
sistors as you probably know aic usually good or bad. shorted 01 open The test 
therefore is for those characteristics Connect to the elements as you would for 
a regular transistor. 

A good power transistor usually shows considerable leakage in (he leakage 
position If you are testing a PNP use the PNP position of the switch Momen- 
tarily switch to the NPN position — the leakage should go down considerably. 

Switch to the Beta position. In the PNP position the meter should read 
somewhat up scale Switch to the NPN position and the reading should go down 
considerably. If not the transistor is probably detective In most cases this should 
show up defective power transistors 

Tor NPN power transistors use the same procedure except that you would 
test for leakage in the NPN position and then momentarily switch to the PNP 
to sec the leakage decrease on the scale Then test for Beta in the NPN position; 
the reading will decrease on the scale when momenta rilv switched to the PNP 
position. 

From the above test we have established that the transistor does have Beta 
and we have also shown that there is not a short or an open Going back to our 
original premise that, power (ransistois are usually open or shorted we have a 
satisfactory test for the great majority ot this type of transistor. A shorled tran- 
sistor will read high leakage in both positions One without Beta would not read 
or would not dec: ease in the reverse test 




SERVICING AUTOMOBILE RADIOS 

Automobile radios, as you undoubtedly know, require very high battery Cur- 
rents; sometimes m the neighborhood of amperes. The Model 960 due fo the in- 
creased weight and cost involved was not designed to power these radios The 
auto radio however may be serviced effectively and the transistois tested with 
the Analyst. 

The only difference in the servicing technique is that the IN CKT test will 
not be used Since an external power supply, such as battery or battery ehminatoi, 
supplies the power to the radio, monitoring of the radio DC current is also omitted. 

Steps 3 thru 7 of the General Trouble Shooting Procedure will therefore com- 
prise the method of quickly isolating the defective component. 

SPECIAL CONDITIONS 

Most transistor circuits employ low resistances, in the order of hundreds of 
dims, in the DC portion of the emitter and collector circuits. In special cases, 
however, one might find emitter or collectoi ir si stances in the order of thousands 
of ohms See lig 22 

In this special case the Dyna Trace test to the base of the transistor wall cause 
the meter to move veiy slightly upward, not into the white area Another check 
may he used here to verify the action of the transistor Remove the Dyna Trace 
probe, parallel the high resistance (usually emitter to ground) with a 3300 ohm 
resistoi The meter should deflect upward into the white area 

If the high resistance is in the collector circuit, parallel it with the 3300 ohm 
lesistoi. Sec Fig. 23. The D\na Trace connected to the base should make the 
meter deflect upward 




In general, when encountering high resistances in the base and emitter DC 
circuits, a slight upward deflection when using the Dyna Trace in the normal 
manner, is an indication of a properly operating circuit 

In circuits having 0 ®r very little base resistance to ground (20 ohms or less) 
the Dyna Trace may not cause sufficient or any motion of the needle. 



Summarizing — the Dyna Trace will operate m practically ai l cases. The only 
two major exceptions to consider would be the case of abnormally high emitter 
<n Collect 01 resistors (10.000 ohms or greatei) or when very low' base to ground 
resistors aie used The aforementioned, of course, refers to the DC circuit 
resistances. 

Testing Batteries 

The simplest manner uf testing a battoiy foi a transistor portable is to measure 
the hatters voltage without load (disconnected) and then under load (radio 
turned on and operating) It the battery voltage falls down by 20% the battery .should 
be l ejected i e. if the battery originallv read 9 V without load, it should not go 
below 7 2V under full load hull load would be with the radio playing at normal 
v ohune 

HIGH VOLTAGE RADIOS 

Although most transistor radios use voltages well within the internal power 
supply voltages of the Analyst, It is conceivable that vou mav run across a set 
that uses higher than 12 volts 

In thi=, case you may u,e the Analyst exactly as described hciein except tlmt 
an additional battery should be connected in series with the most negative load. 
The plus (— ) side of the additional battery should be connected to the negative 
ot the Analyst. 

MAINTENANCE OF 960 TRANSISTOR RADIO ANALYST 

Your instrument will require little service Tl however a trouble occurs use 
the following adjustment procedure 

The VTVM is faetorv calibrated, but if the instrument gets out of calibration, 
or if V-l is leplaced, a slight adjustment may he necessary. This is accomplished 
as follows 

Carefully remove instrument from ease Connect to A C. power line Sel lo the 
1 fiV position. Allow instrument to warm up for 15 minutes Insert Test^ leads 
into the — and — jacks of the VTVM and short them together Adjust the VTVM 
zero adjust for zero reading on the meter. Apply l.oV across I he VTVM terminals 
and adjust K-23 (located on printed circuit board) for fall scale reading Now 
(lie meter is calibrated 

If the audio or RF oscillators do not function cheek V-2 fir si by replacing 
if with anothei 12AU7. 

K/ ; Alignment 

If R F alignment if needed a radio recenei may be used as follows. 

1. Turn M7DTO-RF-LKVEL knob until it clicks the modulation OFF (MAX 
clockwise rotnlion) 

2 Place a lead tiom the R.F output jack of the Anal v s| close lo the anlennp 
terminal of the lcccivor 

‘I Switch the I? F. Band switch to BAND R 

4 Tune the i ccciver to a station around 850 ke 

3 Starting at 800 ke rotate the RF-IF tuning control until the signal from 
l ho Analyst zero beats with the station If the reading on BAND B is not the 
same frequency as (he station, set the Rl* IF timing knob to the frequence of the 
station Tf (be RF IT tuning knob originally read higliei Ilian (he station tie- 
queue} (Y hen zero beat was heard) (he iron core of coil J, 2 should be rotated out 



of I lie coil slightly until another zero beat is heard (L-2 is the coil mounted on 
I he printed circuit hoard farthest from the panel) It the tuning knob originally 
read lower than the station frequency, the iron core should be rotated clockwise 
into the coil TJse a non-metallie hex head alignment wrench 

(> Tune the receiver to a station around 1500 ke. Set the Rl IF TUNING 
knob to the same frequency as the station. Adjust the small trimmer, capacitor 
on the variable for a zero beat The tiirmner i& accessible at the sick of (he 
variable between the two coils 

7 Rf neat steP^ 6 & 7 until no further adjustment is needed 
When Rand A alignment is uccessarv proceed as follows 

3. Repeat Steps I. 2 3 & 4 ot RF. alignment except that the RF BAND 
switch is switched to RAND A and a station timed beween 700 ke & 800 kc\ 

2. Adjust the Rr TF TUNING knob to the same frequenev as I he station 

3. Adjust the fioiit trimmer on the variable condenser closest lo (he panel for 
a zero beat. 

'1 Without changing the tuning of the radio roeeivci , rotate the RF-TF TUN- 
ING knoh to ¥2 the frequency of the station Adjust the powdered iron core on coil 
L-l until a zero beat is heard on the receiver 

5 Repeat Steps 2 & 3 of IF alignment until no further adjustment is needed. 

WARRANTY SERVICE INSTRUCTIONS 

1. Refer to Die maintenance section ol the instruction manual for adjust- 
ments that mav he applicable. 

2. Check common electronic parts such as tubes and batteries. Always 
check instruction manual for applicable adjustments afler such 
replacement. 

3 Defective parts removed from units which are within the warranty 
period should be sent to the factory prepaid with model and serial 
number of instrument from which removed and date of instrument 
purchase. These parts will be exchanged at no charge. 

4. If the above mentioned procedures do not correct the difficulty, pack 
the instrument securely (preferably double packed). A detailed list of 
troubles encountered must be enclosed as well as your name and 
address. Forward prepaid (express preferred) to the nearest K&K 
authorized service agency. 

Contact your local B&K Distributor lor the name and location ol your 

nearest service agency, or writ e 1 0 

Service Department 

B & K MAM FAI TURING ( OMPANV 

DIVISION OF DYNASCAN CORPORATION 

j 80 L W. Belle Plain* 

Chicago 13, III. 

See General trouble Shooting Procedure Schematic back of this page 
Be sure to see pages 36 and 37 
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To Replace 


SIMILAR TYPE 


Tn Replace 


SIMILAR TYPE 


2S12 


2M410 2N411 


PSA69 


2SA70 


2S13 


2N139 2N4C9 


2SA70 


PSA69 


2S14 


2 N 1 09 2N40S 2N-% 


2SA/1 


2SA70 


2S15 


2N408 


2SA7? 


23A73 2SA93 


2S15A 


2N109 


2SA73 


PSA? 2 2SA93 


PS22 


2N407 


23A/6 


PSA77 


PS24 


2N406 2N408 


2SA77 


PSA76 


2525 


2N139 


23A80 


2SA82 


2S30 


2N411 2N41? 


2SA81 


2SA84 


2S31 


2N4G9 2N410 2N412 


2SA82 


2SA80 


2S32 


2N406 


2SA84 


2SA8I 


2S33 


2N40S. 2N408 


2SA88 


2SA89 


2844 


2!N406. 2N4G7 PN1Q8 


2SA89 


2SA8B 1 


2$'1b 


2N40<3. 2M410 


2SA92 


2N252. 2N267 2N34S PN371 


2S49 


2N410 




2N3/4. 2N544. 2SA6G J 


2S5? 


?NkO. 2N41 1 2N41? 


2SA93 


/Ml 29 2N24Q 2NZ47 2M748 


2SS3 


2N409. 2N410 




2N274, 2N308 2N309 ?N3:fl 


2S54 


2N4D/ PM08, 2N410 




2N344. ?N372 2N3'3 2N4 ! 7 


2$bfi 


2N109 2N407. 2N408 




2SA72 PSA73 


2S60 


2N412 


2SA1 0 f 


2SA102 2SA103, 2SA104 




2N4 1 1 


2SA102 


?SAH* 2SA103 2SA104 


2S93 


2N140 


2SA103 


2SA101 2SA102 2SA104 


2S93A 


2N412 


2SA104 


2SA101 PSA102 2SA103 


2$ 1.01 


2N72G 


PSA; 09 


2SAID6 PSA10 7 


2S178 


2N140 


2SA106 


2SAl0b PSA107 


2S179 


2N217 


2SA107 


PSA 105 2SA106 


2SAl? 


2SA13 


2SA108 


PSA 109. 2SA110 | 


2SA13 


PSA 1 2 


2SA109 


2SA10B 2SA110 




PSAI6 


2SA110 


2SAIG8 2SA109 


2SA16 


2SAi5 


2SA111 


2SA43 2SA11? 


2SA1 7 


25.A18 


2SA112 


2SA43. 2SA131 ' 


2SA18 


2SA17 


2SA1 1 3 


PSA? 14 


2SA3C 


2SA35 


2SA114 


PSA113 


2SA35 


2SA30 


2SA116 


2SA117 2SA118 


2SA37 


2SA38 2SA39 


2SA11? 


2SA116 2SA118 


2SA38 


2SA3/, PSA39 


/SA118 


2 S A116 P^Al '7 


2SA39 


2SA37 2SA38 


2SA121 


2SA122 2SA123 2SA124 


2SA-1 1 


2SA42 


PSA 122 


2SA1.21 2SAI23 2SAL24 


2SA-13 


2SA11L 2SA112 


PSA 123 


2SAIP1 2SA122 2SA124 


2SA49 


2N137 2N4M 2N4lb, 2N415A 


PSA124 


2SA12) 2SA122 2SA123 




2N4I6 2SA!>1 7SA52 2SA53 


2SA128 


PSA 129 


2SAbO 


2N269 2N311 2N404 2N518 


2SA129 


PSA128 


2N583 


2SA130 


PSA] 31 2SA132 


P3A51 


2Nt>l7 2SM9 2SAS? 2SA53 


2SA131 


PSA [ 30 2SA132 


2SA52 


2N114 2N f 36 2Ni40 PN219 


2SA132 


PSA130 2SA13I 




?N4 LI 2N412 2N481 


2SA134 


2SA136 




2N485 2N486 ? C A49 2SAol 


2SAl3 r > 


2SA134 




2$A!i3 


2SA1S1 


2N139 PN218 PN409. 2N41G 


2SAb3 


7N111 2NL3b 2N?18 2N410 


2SA179 


2N299 PN384 PSA57 2SA58 


2M482 2N6]4 ?SA43 2SA 1 - i 


2SA17G 


2N 1 28 2N300 




2SA52 


2SB2I 


2N4PG 


2SA57 


PN384 2SA58 2SAl/b 


2SB25 


2N157. 2N268A. 2N353. PN458 


2SA58 


2N37D 2SA r >7 2SA175 




2N538 2N63/A 2N638I3 


2SAb9 


2N370 2N624 




PN639A. 2N639B 


2SA60 


2N346 2N371 2N393 2SA92 
SB 103 2N346 

j 


2SB26 

(i 


PN155. 2N234 2N?r>0. 2N268 
PN307 2N400 2N555 2N637 



To Replace 


SIMILAR TYPE 


To Replace 


SIMILAR TYPE 


2SB27 


2SB28 2SB29, 2SB30, 2SB31 


2SC75 


2SC76, 2SC77 2SC175, 23C176, 


2S828 


2SB27, 2SB29. 2SB30, 2SB31 




2SC177 


2SB29 


2SB27 2SB28. 2S830, 2SB31 


2SC76 


2SC75, 2SC77, 2SC175, 2SC176, 


2SB30 


2SB27, 2SB28, 2SB29 2SB31 




2SC177 


2SB31 


2SB27, 2SB28, 2SB29, 2SB30 


2SC77 


2SC75, 2S07G, 2SC175, 2SC176, 


2SB4G 


2SB47 




2SC177 


2SB47 


2N48 2N89, 2N90, 2N131, 2N133, 


2SC78 


2SC178 


2N175, 2N207A, 2N220, 2SB46 


2SC173 


2SC73 


2SB48 


2SB49, 2SB50 


2SC175 


2SC75, 2SC76. 2SC77, 2SC176, 


2SB49 


2SB48 2SB50 




2SC177 


2SB50 


2S848, 2SB49 


2SC177 


2SC75. 2SC76, 2SC77, 2SC175, 


2SBS4 


2N43. 2N86 2N104, 2N138, 




2SC176 




2N199, 2N207 2N280, 2N363, 


2SC178 


2SC78 




2N405 


2SC191 


2SC194 


2S856 


2N187 2N195 2N198, 2N242, 


2SC192 


2SC195 




2N407 2N568 2N571 


2SC194 


2SC191 


2SB65 


2N 1265/5, 2N1392, 2N1394 


2SC195 


2SC192 


2SB68 


2N398, 2G398, 2SB121 


2S061 


2SU62 2SD63 


2SB76 


2SB154 


2S062 


2S061, 2SD63 


2SB85 


2SB86, 2SB87 


2S063 


2S061, 2SD62 


2SB89 


2N270 


2SD75 


2SD77 


2SB1 21 


2N398 2G398, 2SB68 


2SD77 


2SD75 


2SB126 


2SB127 


2T64 


2N1251 


2SB127 


2SB126 


2T65 


2N214 


2SB128 


2SB129 


2T66 


2N214 


2SB129 


2SB128 


2T73 


2N168A, 2N212 2N1058 


2SB131 


2SB132 


2T76 


2N169A, 2N233A 


2SB132 


2SB13I 


PT84 


2N1101 


2SBU0 


2SB14] 


2T85 


2N214, 2N649, 2N1251 


2SB141 


2SB140 


2T86 


2N649, 2N1101 


2SB142 


2SB143, 2SB144, 2SB145, 2SB146 


2T89 


2N214 2MG49 


2SB143 


2SB142. 2SB144, 2SB145, 2SB146 


2T2D1 


2N371, 2N373 


2SB143P 


2SB144P 


2T203 


2N370, 2N372 


2SB144 


2SB142 2SB143, 2SB145, 2SB146 


2T204 


2N248 


2SB144P 


2SB143P 


2T513 


2M194 


2SB145 


2SB142, 2SB143, 2SB144, 2SB146 


2T520 


2N233A 


2SB146 


2SB142, 2SB143, 2SB144, 2SB145 


2T524 


2N216 


2SB150 


2N398 


HJ 1 5 


2N104, 2M109, 2N3G2, 2M405 


2SB154 


2SB76 


HJ 17 


2N109, 2M408 


2SB157 


2SB158, 2SB160 


HJ17D 


2N109, 2N323, 2N407, 2N632 


2SB158 


2SB157, 2SB160 


HJ22 


2N139, 2N410 


2SB 160 


2SB157, 2SB158 


KJ22D 


2N139 2N409, 2N410, 2N482 


2SB172 


2S8176 




2N483 


2SB176 


2SB172 J 


HJ23 


2M140, 2N412 


2SB180 


2SB181 I 


HJ23D 


2N140, 2N411, 2N485 


2SB181 


2SB180 


HJ54 


2NJ39 


2SB189 


2N180. 2N223, 2N319. 2N402 


HJ60 


2N139 




2N524, 2N609, 2N612, 2N613 


KJ71 


2N139 2M140 


2SB200 


2SB202 


HJ72 


2N140 


2SB202 


2SB200 


HJ74 


2N140 


2SC41 


2SC42 


VIS-15 


2N109 


2SC42 


2SC41 r 


HS 1 7D 


2M109 


2SC73 


2SC173 


HS-220 

HS-230 


2M139 

2N140 



EVERyilflMG 4 LESS 



ENJOY YOUR BOOKS 

PLEASE VISIT OUR STORE FOR EVEN MORE GREAT 

STUFF! 

WWW. EVERYTH I NG4LESSSTORE.COM 
COPYRIGHT NOTICE 

ALL MATERIALS INCLUDING CD/ DVD AND PDF 
FILES ARE COPYRIGHTED 
WWW. EVERYTH I NG4LESSSTORE.COM VON 
WALTHOUR PRODUCTIONS AND MAY NOT BE 
REPRODUCED, COPI ED OR RESOLD UNDER ANY 
CIRCUMSTANCES. YOU MAY HOWEVER MAKE A 
COPY FOR YOUR OWN PERSONAL BACKUP. 
MATERIALS ARE FOR PERSONAL USE ONLY. 

I F YOU PURCHASED THI S FROM ANYWHERE BUT 
FROM US PLEASE NOTIFY US IMMEDIATELY SO 
THAT WE MAY CHECK I F YOU PURCHASED FROM 
AN AUTHORI ZED RESELLER SO WE CAN LET YOU 
KNOW I F YOU NEED TO RETURN FOR FULL REFUND 
FROM AN UNAUTHORIZED SELLER. 

THANKS AG A I N AND PLEASE TAKE THE Tl ME TO 

VISIT OUR STORE. 

ATTENTION! EVERYTHING ON SALE NOW!! 

A] 

CUT 

HOT .SALES 

THIS PAGE COPYRIGHT VON WALTHOUR PRODUCTIONS 
WWW.EVERYTHING4LESSSTORE.COM 
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MltoB'RS ASilGNtD'D CCrLS, SWITCHES, PLLGS. SOCKETS, A.YC 
1 RAASFCRMLKS ARE TO -AC t UTAH CIRCJ1T TRACING OR COM- 
fl ONtNT KLPLACE.VENT ANO WAY NOT .NECESSARILY BE FOUNO ON 
1 HE l VI I 



oc COrt RESISTANCE \ ALLIES UNDER ONE OHM 
NOr SHOWN ON SCHEMATIC DIAGRAM 



MSI STANCE .VEASUREASLN7S NCI Glv'rN cfCAUSE 0 r THE 
KtCC VARIATION IN tNURNAL iRANV.SlOft MSI STANCE. 



CC voitaye ii idjurencrts :akcr with v«iu.i:t ubt rCt'.r-ler 
Swiksl comNC'liD-h are sTioat as bhlMo vit:*s. 

Measured values i'c trsrr sorke! f<n) hi r.unnci- imjaliw;. 
Nominal tolstance cr c.or|.i) i«r;l values Takes psside a 
ve.’ial-cr o' l?" if v« :a.je ant) re> : !3r:is *e»t|ir ■» 
Vclunecerlid a: inajinun. ros is'ibI <*pj:l-tnl !;;r .-sllaijs 
reasurenerls 



GENERAL TROUBLE SHOOTING PROCEDURE' 

1 ::S KVTfO ?OWFA RLPiV 
7-CYN/t. TRACT 
J AJ_HO SliVM p. ETC" 

A f 5CNA’ INJECT 
- W S y JNAl :N.I:C! 
i : :UcClOR AGC Tcf;i 
f c<: VOLTAGE!. 6 K l STANCES 

<?■ N ’LKV. ! IcNfS 



A JHOTOFAC* STAND* RO sO"i 



S'-iEMATtC 



Sis’*! 3. Cc r l %0 



h<] 3 -ItPkA TSAMbli-OP RA, |C 





